Considering a sample of 20 eclipsing binary systems with δ Scuti type primaries, we discovered that there is a possible relation among the pulsation periods of the primaries and the orbital periods of the systems. According to this empirical relation, the longer the orbital period of a binary, the longer the pulsation period of its pulsating primary. Among the sample, the masses of the secondaries and the separations between the components are known for eight systems for which a log P puls versus log F (the gravitational pull exerted per gram of the matter on the surface of the primaries by the secondaries) diagram also verifies such an interrelation between the periods. So, as the gravitational force applied by the secondary component onto the pulsating primary increases, its pulsation period decreases. The detailed physics underlying this empirical relation between the periods needs further confirmation, especially theoretically. However, one must also consider the fact that the present sample does not contain a sufficiently large sample of longer period (P > 5 d) binaries.
served red edge of the classical instability strip can pulsate with both opacity-driven modes and intrinsically stable stochastically driven (solar-like) modes (Samadi et al. 2002) .
Because we cannot resolve the stellar disc, we may only detect by photometry the low-degree modes for the δ Scuti stars. By examining variations in spectral line profiles of rapidly rotating δ Scuti stars, some researchers have been able to detect some higher degree non-radial modes (Kennelly & Walker 1996) . Dziembowski & Pamyatnykh (1991) and Audard, Provost & Christensen-Dalsgaard (1995) pointed out that the measurements of g-type mode frequencies are very useful in probing the convective core size and measuring the distance of convective overshooting.
δ Scuti stars are found to be members of close binary systems, especially in the classical semidetached Algols (Mkrtichian et al. 1998; Kim et al. 2002a; Mkrtichian et al. 2004 ). In the evolved δ Scuti stars, not only the p-modes but the g-modes are also excited. Both the binary nature and the possible excited g-modes of δ Scuti stars can be recognized in the low-frequency region. The lowfrequency domain in the Hertzsprung-Russell diagram is important not only for the γ Dor stars but also for the δ Scuti stars. The δ Scuti pulsators in binary stars are increasing in number among the well studied δ Scuti stars. The binarity properties provide us not only the essential physical and geometric parameters of the component stars but also the eclipsing phenomenon could make it easier to identify the mode of the pulsating component. Using the amplitude and phase changes of the pulsation during the eclipse, a precise identification of non-radial modes can be made such as AS Eri ) and RZ Cas (Rodriguez et al. 2004 ). Another advantage is that accurate rotation periods can be detected using non-radial mode splitting. In addition, the mass transfer and accretion structures seen in semidetached Algols can affect the pulsation period of the gainer, so, using this, the mass transfer rate of oscillating EA systems (oEAs) may be determined.
As the technology progress, small amplitude light variations in the primary components of the semidetached eclipsing binaries are revealed and the pulsation frequencies can be derived with high accuracy.
We may ask that what factors are important in determining the pulsational characteristics in the δ Scuti instability strip. In other words, are there some differences in the pulsation properties, like the amplitudes and modes and/or cycle length of pulsation, among single δ Scuti stars and pulsating components of the binary systems. Presently 21 eclipsing binary systems containing δ Scuti type pulsating components are known. However, the system HD 172189 discovered recently by Martin-Ruiz et al. (2005) , was not taken into the sampling. Its orbital period and also pulsational frequencies are not clear at present. Unless the complete light and radial velocities were obtained and the parameters of the components were derived with a plausible accuracy, the pulsational frequency of the pulsating component of an eclipsing binary could not be determined.
In this paper, we try to find a plausible connection between the pulsational and the orbital periods of the sample of well observed mass-accreting Algol binaries with pulsating components and discuss possible implications for the support on the pulsating component from tidal interaction. The primary goal of the paper is to compare the pulsational properties of single δ Scuti stars with those members of the semidetached and detached eclipsing binaries. This paper is organized as follows. First we introduce the sample of eclipsing binaries in which one of the components is δ Scuti type pulsating stars. Their physical and geometric parameters derived from both photometric and spectroscopic studies. In section three we present our results on the dependence of the pulsation period to the orbital period, or the semimajor axis of the orbit. Lastly, we summarize our findings and discuss why such a relation does exist in close binary systems.
T H E E C L I P S I N G B I NA RY S A M P L E
Only a handful of semidetached eclipsing binary systems with pulsating components have been discovered up to date. The first eclipsing binary, which has a pulsating component, was Y Cam discovered by Broglia (1973) . Since that time, the number of the δ Scuti type pulsating stars identified as components of eclipsing binaries has reached to 21 (Soydugan et al., in preparation) . The small number of the δ Scuti type pulsators in the classical Algols are discovered so far and they have not been studied photometrically in detail due to the difficulties in observing small amplitude oscillations with moderate telescopes and ordinary receivers. The high precision CCD photometry and observational survey projects provide an opportunity to detect small amplitude light variations in comparison with large light variations caused by the eclipsing phenomenon.
Thanks to the Central Asian Network (CAN), headed by Mkrtichian et al. (1998) , who started a project on systematic search and study of new eclipsing binaries with pulsating components. Many δ Scuti type pulsating components have been discovered in detached and semidetached eclipsing binary systems. At the end of 2001, the South Korean group (Kim et al. 2002a ) started an observational survey to search for A-F spectral type pulsating components in eclipsing binary systems, in collaboration with the CAN group. They have detected short-term light variations in some of the target systems and presented the preliminary characteristics of the δ Scuti type pulsations (Kim et al. 2002a ). Thus, the number of the mass-accreting pulsating components in Algol type semidetached eclipsing binary systems has increased to 18 at the present time. These stars have been identified as 'oscillating EA systems', shortly as 'oEAs', by Mkrtichian et al. (2004) to distinguish them from the earlier designation 'EA/DSCT' in the General Catalogue of Variable Stars (GCVS). The properties of these stars are given in Table 1 , which contains 18 oEAs and two detached Algol systems. The radial velocity measurements are available only for a few systems. Therefore, the separations between the components and their masses are not reliably known yet for less than half of these systems. The pulsation periods given in the third column of the table correspond to the dominant frequency with the largest amplitude if there are multiple periods. Fig. 1 shows the location of the δ Scuti type pulsating components of the binary systems in the HR diagram, where the position of the zero-age (ZAMS) and terminal-age (TAMS) main-sequence (Claret & Gimenez 1991) and the borders of the instability strip are also indicated. The parameters of the systems (except AB Cas, TW Dra and AI Hya) were taken from Algols catalogue (Budding et al. 2004) . The luminosity and effective temperature for the primary components of AB Cas, TW Dra and AI Hya were adopted from Rodriguez et al. (1998) , Kusakin, Mkrtichian & Gamarova (2001) and Popper (1988) , respectively. For the borders of the instability strip, the work of Rolland et al. (2002) was used.
D E P E N D E N C E O F T H E P U L S AT I O NA L P E R I O D S O N T H E P H Y S I C A L P RO P E RT I E S O F B I NA RY S Y S T E M S
We investigate first the connection between the observed pulsational and orbital periods of the Algol systems. In Fig. 2 , we show the pulsation period (P puls ) plotted against the orbital period of the binary system. The solid line and the dots represent the linear least-squares fit and the original data given in Table 1 , respectively. The relation between the orbital and pulsational periods has been found for 20 systems as
where the standard errors in the last digits are given in parentheses. The correlation coefficient (r) of the relation was found to be 0.89, which means that the correlation is 'highly significant' statistically (Taylor 1997) . The dominant pulsation periods are nearly 2 per cent of the orbital ones. It is clearly seen that the longer orbital period systems have longer pulsational periods. However, the relatively small number of known oEAs limited so far the comparison of pulsational properties with those of orbital parameters. During last 5 yr, a number of additional oEAs have been discovered, significantly improving the statistical properties of the known oEA population. However, longer period systems are clearly needed. The most discrepant systems from this relationship appear to be AS Eri and AB Per. The system AS Eri was the first oEA for the multi-site photometric campaign. Mkrtichian et al. (2004) confirm the presence of rapid pulsations for the oscillating mass-accreting primary component with a period of 0.0169 d. In addition, they have also revealed the second and third oscillation modes with periods of 0.0160 and 0.0162 d. Semi amplitudes for the three oscillations were estimated to be 0.0034, 0.0020 and 0.0013 mag, respectively. The pulsational period of the primary star in AS Eri is about 3.6 times shorter than expected from the empirical relationship. This system has a small-amplitude, rapidly oscillating, mass-accreting (2004); (2) (2000); (8) Sarma et al. (1996) ; (9) Kim et al. (2005b) ; (10) Caton (2004); (11) Kusakin et al. (2001); (12) Giuricin, Mardirossian & Predolin (1980) ; (13) Mkrtichian et al. (2005) ; (14) Barblan et al. (1998) ; (15) Mkrtichian et al. (2004); (16) Cester et al. (1978) ; (17) (Kim et al. 2002b) . Two pulsation frequencies derived from these observations may be taken as preliminary values. A multi-site observational campaign is a necessity to reveal the frequencies with high accuracy. In Fig. 3 , we plot the pulsational periods of the oscillating primary components versus the gravitational pull exerted to per gram of the matter on the surface of the primaries by the secondary companions (in cgs units). Presently, we have only eight systems, for which the masses of the secondaries and the separations between the components are known, and the linear least-squares fit gives the following relation:
log P puls = −0.61(0.13) log F + 5.1(0.3).
(2) From the available data, it appears that, as the gravitational force applied by the secondary component onto the pulsating primary increases, the pulsation period decreases. If we include the data for AS Eri in the analysis, the correlation coefficient is slightly decreased. This binary is also separated in the period-period relation as it is shown in Fig. 2 . Although we have a limited-number sample, there is evidence for the connection between pulsational periods of the δ Scuti type stars and gravitational force applied to them by the companions. Rodriguez et al. (2000) published a revised catalogue for the single δ Scuti stars. They have also pointed out that the majority of these variables show short periods, i.e. pulsational periods shorter than 0.15 d. 60 per cent of their sample have periods between 0.05 and 0.15 d. However, 80 per cent of the sample given in Table 1 have periods shorter than 0.06 d and the mean is about 0.054 d. This indicates that the δ Scuti pulsators in close binaries have shorter pulsational periods than those of their single counterparts. Frolov et al. (1980) and Tsvetkov & Petrova (1993) consider the ratios of the pulsation periods and the orbital periods to reveal a resonance mechanism between them. They find observational evidence for the existence of such synchronization of pulsation and orbital periods in some binary systems. Such a search is only possible if both periods are determined with very high accuracy. Rodriguez et al. (1998) searched for the presence of a resonance between the periods in the semidetached eclipsing binary system AB Cas, but they failed to find any. On the other hand, the ratios of the pulsation periods and orbital periods for the stars given in Table 1 do not confirm the presence of such asynchronization in the binary systems including δ Scuti type pulsating components.
S U M M A RY A N D C O N C L U S I O N S
We have presented an empirical relationship between the pulsational periods and orbital periods in close binary systems that include δ Scuti type pulsating primaries. The length of the pulsational periods in these close binaries appears to be related to the orbital periods of the systems. We see that P puls -P orb relation has a slope of 0.020 (±0.002), which indicates that the pulsational period of the oscillating component is about 2 per cent of the orbital period.
In addition, Fig. 3 provides a plot of the pulsational periods against the gravitational force of the companion star applied to the per gram of matter on the surface of the primaries. The larger gravitational force leads to a shorter pulsational period. Thus, we conclude that the gravitational force applied by a companion to the pulsating star may play a crucial role on the length of the pulsation period.
This study is based on 20 close binary systems for which one of the components shows δ Scuti type pulsation. Two systems of the sample (AI Hya and HIP 7666) are detached binaries. Absolute parameters, i.e. mass and radius, are known only for eight systems.
Even though our sample includes a limited number of binary systems including δ Scuti type pulsating components, our conclusions appear to hold for the tidally interacting close binary systems. Confirmation of the detailed physics underpinning this new observational finding of the oEAs must await the theoretical considerations.
Except R CMa and AI Hya, the δ Scuti type pulsating components taken into account in this study are almost situated near the blue edge of the instability strip on the HR diagram. Therefore, most stars included in this study should be excited in the p-modes. This study indicates that the pulsational characteristics of a δ Scuti type pulsator in a binary system may be influenced by binary membership. First, the orbital motion of the pulsating component around the centreof-mass of the binary produces a light-time effect and the observed period of variation will decrease and increase. However, this effect is very small for the short-period systems discussed here. Also, mass transfer from the Roche lobe filling components of classical Algols can lead to period changes. In addition, tidal deformation is seen in the very close interactive binaries. Light variations arising from tidal distortions can make it difficult to derive accurately the amplitudes and periods of the oscillations. Apart from these effects, the more massive mass gaining components, which are pulsating, in the mass transferring systems are generally rapid rotators. Solano & Fernley (1997) found that the large amplitude single δ Scuti stars tend to have larger periods, cooler temperatures and lower rotational velocities. Such a correlation is also seen in the data given in Table 1 . Therefore, it would be worthwhile to continue further such studies to reveal all the differences between the single δ Scuti pulsators and that of nearly identical mass-temperature and age etc., but physically bounded to a companion star. The present sample, however, does not contain a sufficiently large sample of longer period (P > 5 d) binaries. Additional longer period binaries are needed to confirm the relation reported here between the orbital period and the pulsational period.
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